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A MEASUREMENT OF PROPELLER-MODULATED RADIATION 
FROM EIGHT DIFFERENT SMALL AIRCRAFT 

(U) 

Tai-get-generated signals in the visible and infrared 
spectral regions were measured for a group of 10 different civi- 
lian aircraft In May i960.    The flight tests were conducted at 
B-1B Range,  U.  S.  Naval Ordnance Test Station, China Lake, 
California, at the request of the Federal Aviation Agency.    A 
ground-based,  unchopped radiometer system was employed to obtain 
measurements of the target signals while  the aircraft flew pre- 
arranged patterns above it.    Subsequent analysis of the data 
yielded signal frequency and harmonic content information. 
Approximate acquisition ranges were computed from radar and 
target signal data. 

The detector used in the radiometer was an uncooled 
ICtnm x ICtam lead sulfide cell, mounted in the focal plane of a 
high resolution,  kQ" focal length,  f/6 reflective optical system. 
The field-of-vlew of the system was O.50  x 0.5o-    No chopping 
system was used at the radiometer.    Optical filtering was not 
used,  so that the detector operated in the 0.3 x 2.5 micron 
region.    The entire radiometer was nminted on a tripod at B-1B 
Range and manually pointed at the aircraft targets.    A small 
rifle telescope was used to facilitate the tracking. 

The output of the FbS cell was amplified by a transistor 
amplifier,  having a flat frequency response from 35 ^ 1500 
cycles.    Overall gain of the amplifier was adjustable in steps 
of 10 from 50 to 50,000.    TMB amplified signal was recorded on 
a magnetic tape recorder  for later analysis. 

Dailng the tests,  the various aircraft made passes from 
south to north and from north to south a^ong the Naval Ordnance 
Test Station B-1B flight line.    In general, the sun was about k^" 
east of the flight path and at a vertical angle of ^5°■    On 
clear days,   the sky to the south was brighter than that to the 
north.    Thus  for tail-on north-south and head-on south-north 
passes,   the target wouxd be against a brighter sky.    On cloudy 
days,  a brighter background was presented by sunlight reflected 
from clouds  to the north. 

One flight was made with a Beechcraft F35 Bonanza just 
after sunset.    This test was conducted to show effects of sky 
intensity on signal level.    The results clearly showed that 
detection ranges decreased rapidly as the sky darkened. 
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Equipment difficulties made it impoasible to obtain data on 
tvo aircraft; the Cessna 172 and the Piper Apache. 

Acquisition ranges vere based on a 3 to 1 signal-to-noise 
ratio; as measured from the taped data.    The time of flight from 
this point to the instrumentation location; multiplied by the 
ground speed; determined by radar, gave the range. 

Fundamental frequencies of the signals vere determined with 
a Hewlett-Packard 302-A Wave Analyzer.    Simultaneouß meaaurement 
of the relative amplitudes of tne signal harmonics was acconrpliah" 
ed with a Panoramic LP1A Wave Analyzer. 

Table I preeents characteriBtics of these various aircraft 
pertinent to these tests.    A comparison of the computed and 
measured fundamental frequencies is also given in this table. 

The fundamental frequency is given by the following formula: 

F ,, RPM x N x G.R. 
60 

Where F is the fundamental frequency in cps 

RPM is the engine speed in RPM 

N is the number of blades per propeller 

G.R. Is the gear ratio between engine and 
propeller 

Figures 1 through 5 present relative intensity data of the 
signal hanoonlcB in voltage db;  referred to the fundamental as 
0 db.    Data is presented as a function of heading find aspect to 
show the effects of these parameters. 

Figure 6 shows the acquisition ranges for the various 
aircraft as a function of heading and aspect. 

CONCLUSIONS 

A propeller-driven aircraft produces a strong a.c.  signal, 
detectable in the short-wave infrared and visible regions.    The 
source of the signal is the background radiation chopped by the 
propeller.    The frequency of the signal la determined by the 
rotational speed of the propeller and the number of blades in 
the propeller. 
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The aignal ie rich in harmDnics; however, it äoea  not appear 
likely that a recognizable signature for each airplane can be 
determined. The number and relative mnplitude of the harmonics 
is dependent on background, aspect angle, number of engines and 
degree of Illumination (sun glints, etc.). 

The range at vhlch the airplane may be detected by an 
unchopped system depends upon the type of background, time of 

^■Y)  "type of aircraft and aspect anrjle. With the equipment used 
for these teats, the aircraft coula ^aaily be detected at ranges 
of from 10 to 20 thousand feet, use of a system having a 
narrower electronic bandwidth would increase the acquisition 
range. 

Although no exact measurements were made during these 
tests, ranges of approximately 7 to 10 miles were noted with the 
flashing beacon light on several of the airplanes. This light 
was readily detectable under all conditions, day or night. 

JOSEPH J. ADLER 
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